. In Expt 2, FSH-P was diluted in propylene glycol and data were collected over 2 years. Ten milligrams FSH-P, on day 13 only, increased (P < 0.01) the mean number of corpora lutea to 5.5 compared with a control value of 1.5. Five milligrams FSH-P on day 13 only had no effect; however, 5 mg FSH-P on day 1 reduced the mean number of corpora lutea formed in ewes receiving 10 mg FSH-P on day 13 to 2.6 (P < 0.01). Saline and propylene glycol, as vehicles for 10 mg FSH-P, were compared directly at two times of injection in Expt 3. FSH-P increased the mean number of corpora lutea when injected on day 13 in propylene glycol (4.7) but not in saline (2.5; P < 0.5). Ovulation rate did not differ between diluents when FSH-P was injected 24 h before cloprostenol (1.3; day 12). Experiments 4 and 5 were conducted to examine possible mechanisms by which propylene glycol improved the response to FSH. In Expt 4, conducted during anoestrus in a crossbred flock in West Virginia, concentrations of FSH in plasma were measured for 58 h after injection of 10 mg FSH-P in saline or propylene glycol. Propylene glycol did not delay the time of maximum concentration of FSH in plasma after i.m. injection (2.7 \m=+-\0.7 h) when compared with saline injection (3.6 \m=+-\0.5 h). Maximum concentration was reached later when FSH-P was injected s.c. in propylene glycol (7.6 \m=+-\0.7 h; P < 0.05). In Expt 5, ovulation rate was greater (P < 0.05) in ewes treated with 10 mg FSH-P in propylene glycol than in ewes treated with FSH-P in saline and an injection of propylene glycol at a separate site. The number of corpora lutea did not differ in ewes treated with FSH-P in saline and in ewes treated with FSH-P in saline and propylene glycol at a separate site. Thus neither delayed absorption nor an augmentation effect could account for the benefit of propylene glycol as a vehicle for delivery of FSH to superovulate ewes.
Introduction
One of the most important objectives in improvement of repro¬ ductive performance in sheep is to increase ovulation rate and subsequent prolificacy. Exogenous gonadotrophins have been used for this purpose, as early studies showed the effectiveness of follicle-stimulating extracts of the pituitary gland in inducing multiple pregnancies (Casida et al, 1944) .
Attempts have been made to correlate patterns of circulating FSH, observed during the oestrous cycle (L'Hermite et al, 1972) with ovulation rate. Cahill et al. (1981) and Lahlou-Kassi et al (1984) reported higher concentrations of FSH at about the times of both the pro-oestrous peak and the secondary or postovulatory peak, in prolific compared with non-prolific breeds.
Injections of more purified preparations of FSH during the follicular phase are currently used to induce superovulation in ewes (Armstrong and Evans, 1983;  Rexroad and Powell, 1991) . (Ware et al, 1988) . However, no positive effect of this treatment was observed in ewes (Ware et al, 1988 (Fevold et al, 1936; Deanesly, 1939; McShan and Meyer, 1945 (Allen et al, 1983) . Area under the curve for FSH, peak concentration of FSH, interval from injection of highest concentration of FSH, and disappearance (interval from peak to basal concentration of FSH) were analysed as a completely randomized design, using analysis of variance.
Results

Experiments 1 and 2
The number of corpora lutea did not differ among treatment groups in Expt 1; of the 98 ewes studied, only one ewe in the control group had two corpora lutea. In Expt 2, there were significant effects of year (P = 0.01) and of dose of FSH-P on day 1 (P < 0.01), dose of FSH-P on day 13 (P < 0.01) and the interaction between FSH-P on day 1 and FSH-P on day 13 (P < 0.01; Table 1 ). The effects of FSH-P diluted in propylene glycol were of two types. First, a significant increase in the number of corpora lutea was found in ewes treated with 10 mg FSH-P only on day 13, to a mean of 5.5, compared with a control value of 1.5. Second, although the dose of 5 mg FSH-P had no effect on either day 1 or day 13 when given alone, the 5 mg dose on day 1 significantly reduced the number of corpora lutea formed in response to 10 mg FSH-P on day 13 (P < 0.01; 
Experiment 3
In Expt 3, there were significant effects of both diluent (P = 0.05) and day of treatment (P < 0.01) and there was a trend towards an interaction (P = 0.08). Again, 10 mg FSH-P diluted in propylene glycol increased the number of corpora lutea when it was administered on day 13 (4.7), compared with the same dose diluted in saline (2.5; < 0.05). However, ovulation rate did not differ between diluents when FSH-P was injected on day 12, 24 h before cloprostenol (1.3, Table 2 ).
Experiment 4
In Expt 4, concentrations of FSH in plasma increased rapidly after i.m. injection of FSH-P diluted in saline, reaching a maxi¬ mum value 3.6 + 0.5 h after injection (Fig. 1) The effects of propylene glycol on the rate of absorption or degradation could be useful in the utilization of FSH, which is rapidly cleared from the blood (Akbar et al, 1974) ; the half-life was estimated at about 110 min in sheep (Fry et al, 1987 Carruthers, 1989) . Roche and Boland (1991) proposed that the reduced response could result from early recruitment of medium follicles that were not oestrogen-active. (Deaver et al, 1986) . Increased pulsatile release of LH is believed to be responsible for final follicular growth and ovulation (Richards, 1980) . Picton and McNeilly (1991) reported that ovine follicles greater than 2.5 mm in diameter require support from LH in addition to FSH, and Driancourt et al (1987) concluded that atretic follicles cannot be rescued by exogenous gonadotrophin.
It is concluded that a single injection of FSH-P in propylene glycol could be used to increase ovulation rate in ewes; how¬ ever, it remains difficult to predict the response to a given dose in a given ewe. Although the precise roles of FSH and LH in follicular development remain unclear, there is evidence that FSH both recruits and stimulates growth of oestrogenic follicles (Picton et al, 1990) , until the size of the follicle requires LH for final maturation and a surge of gonadotrophin (either FSH or LH; Murdoch and Inskeep, 1981) for successful transformation into a corpus luteum. However, the high variability in FSHTH ratio of commercially available batches of FSH-P is well known (Lindsell et al, 1986) , and the shorter half-life of LH with respect to FSH (Akbar et al, 1974) (Driancourt et al, 1988; Fry et al, 1988 (Murphy et al, 1984) .
